Adaptation tipping points (ATPs) refer to the situation where a policy or management strategy is no longer sufficient, and adjustments or alternative policies/strategies have to be considered. In developed countries, the main focus of research has been on characterising the occurrence of ATPs in the face of slow variables like climate change. In developing countries, the system characteristics that lead to ATPs are more uncertain and typically comprise a combination of drivers. It is well recognised that policies and management strategies have often shifted in the wake of extreme events like floods. By focusing on flood risk management (FRM), this paper explores the role of sudden or extreme events and other drivers that trigger ATPs. It analyses the historical flooding pattern of Dhaka and policies relevant to FRM, and determines the tipping points for policy-making. A timeline has been established between the flood events, co-drivers, policy interventions and institutional reforms over the last 50 years. ATPs in a developing country context have been found to result from hydrological factors and uncontrolled urban growth as well as foreign intervention, non-implementation or untimely implementation of planned measures and fund constraints.
INTRODUCTION
Extreme weather events like floods, cyclones and storms across the cities of Europe and Asia have often led to major changes in risk management strategies and subsequent measures. A major challenge in creating sustainable long-term strategies is coping with future uncertainties concerning the probability of occurrence, severity and consequences of such events. Several methods are available that incorporate such uncertainties including the adaptation tipping point (ATP) method that has been successfully applied in flood risk management (FRM) to cope with a range of future uncertainties. The method targets the situation where a policy or management strategy is no longer sufficient (i.e., acceptable risk levels are exceeded) and adjustments or alternative policies/strategies have to be considered. The ATP is that decisive moment (Werners A number of studies have characterised and/or simulated the occurrence of ATPs in the face of slow changing variables, such as climate change and land-use change (Kwadijk et al. ; Gersonius ) . A study by Lavery & Donovan () developed a long-term strategy for FRM of the Thames estuary in the UK in an approach similar to ATP. In a case study in the Netherlands, the effectiveness of the current water management strategies under different climate change scenarios was examined using the ATP method (Kwadijk et al. ) . The outcomes of this case study have been used as the basis for the long-term strategy in the National Water Plan of 2009. The research results have also been a part of the investigation on future adaptation options by the second governmental Delta Committee. Since then, it has become an essential aspect of the Dutch water management strategies.
Currently, apart from the ATP method, several more elaborate frameworks and methodologies (Walker et al. ) have been developed that incorporate scenario development (e.g., robust decision-making), uncertainty management (e.g., adaptive policy-making) and comprehensive sets of alternative strategies and/or measures (e.g., adaptation policy pathways). While these methods provide more extensive facilities for adaptive risk management strategies under uncertain conditions, they primarily aim at the development of future strategies. For retrospective evaluation of major changes in risk mitigation strategies, the ATP method is well equipped, since it is limited to the identification of tipping points and subsequent policy changes instead of focusing on uncertainty handling, scenario development and other alternatives.
An important requirement for the identification of past
ATPs is the occurrence of transformational changes in FRM strategies, policies and/or associated plans instead of merely the occurrence of incremental changes. In the Netherlands, for instance, the devastating flood of 1953 led to the development of the 'Delta works', a large-scale flood defence scheme that included the construction of extensive flood barriers closing off major parts of the Dutch delta. This was as opposed to merely adjusting the standards of existing flood defence works by raising dike levels to a lower exceedance probability of overtopping (e.g., Klijn et al. ) .
Another example of a policy transformation in the Netherlands is the introduction of the Room for the River Programme that was developed after the near catastrophic floods of 1993 and 1995. Instead of raising river dike levels along the Rhine and Meuse rivers, the programme focused on increasing the cross-section of rivers to increase the peak discharge capacity, thereby requiring less infrastructural investment (Kwadijk et al. ) .
The role of sudden/extreme events in reaching ATPs has received relatively little attention in previous research.
Studies have mainly focused on the occurrence of ATPs caused by gradual changes of long-term events such as climate change-induced sea level rise (Kwadijk et al. ) , rainfall flooding (Gersonius ) and drought (Keath & Brown ) . Furthermore, the ATP method has been, until now, exclusively applied in developed countries where current management practices typically meet objectives and societal preferences. In developing countries, the rate of change in drivers that lead to ATPs is more uncertain.
Furthermore, drivers often consist of both endogenous and exogenous factors, ranging from climate change to poor solid waste management blocking drainage inlets.
To make a first attempt at the identification of ATPs under such conditions, this study aims to explore the role of extreme events and changes in the associated flood management strategies in Dhaka, Bangladesh. This megacity has an extensive record of devastating floods, and rapid urban expansion combined with an underequipped flood protection and drainage system. With the increased risk of flooding due to climate change and unprecedented urban growth, the city's limit for adapting to future threats is challenged. For successfully adapting to future flood risk it is not only essential to assess the risks of floods for the next 50-100 years, but also to look back into the past to learn about historical tipping points and assess the effectiveness of the FRM strategies.
Therefore, an analysis has been made of the historical ATPs in Dhaka resulting from major flood events and the subsequent changes in FRM strategies, policies and plans. This paper first covers the methodology by providing an in-depth review of assessing ATPs in the context of flood risk in retrospective studies. After introducing the case study of Dhaka, an overview is presented of all major flood events since 1950, major FRM plans and the subsequent ATPs that indicate transformative policy changes as a consequence of the flood events.
METHOD
The ATP method is similar to the pressures-state-impactsresponses (PSIR) framework (Evans et al. ) , but it starts by specifying acceptable standards or societal expectations used to manage the impacts, and then assesses the specific boundary conditions (i.e., the state) under which these may be compromised. The boundary conditions can be related to the pressures in terms of corresponding slow changing variables (Kwadijk et al. ) . This paper has modified these steps to incorporate the influence of sudden/extreme events on the occurrence of ATPs. Furthermore, it applies an ex-post analysis to establish historical ATPs rather than attempting to 'predict' future ATPs.
In this paper, ATPs are taken as the points of reference (i.e., the pressures exerted on the system) where the existing policies and/or plans are no longer sufficient and adjustments or alternative policies/plans have to be implemented. The pressures in this context comprise major floods that have occurred in the past, together with potential co-drivers such as food security. Therefore, the analysis of ATPs began with the identification of flood events and broader societal problems. Second, the flood patterns (e.g., extent and duration) and consequences in terms of damages and/or casualties were analysed, to obtain a better insight into the severity of the event. In the next step, the existing policies/plans and institutional arrangements were evaluated in terms of their ability to deal with these flood events and other relevant problems. We then analysed what major lessons have been learned after the flood about the effectiveness of these policies/plans and arrangements. This step was crucial to establish the linkage between the flood event (and co-drivers) and the need for alternative policies/plans and institutional arrangements.
Finally, the responses, such as policy revisions, were identified and analysed in terms of the major shift that has occurred compared with existing policies/plans and arrangements. Here, only those responses have been included as an ATP that comprised a significant policy revision or institutional reform. It is of note, however, that the distinction between responses conceived as a 'significant revision' and as an 'incremental adjustment' can (in some cases) be fuzzy and subjective (Walker et al. ) .
The following (simple) questions have been explored, using the modified ATP method, to establish historical ATPs as a consequence of sudden/extreme events: 
RESULTS

Case study area: Dhaka city
Dhaka is the capital of Bangladesh, located in the heart of the country (Figure 1 
Major flood events and policy responses
The identification and analysis of historical flood events, policy revisions and institutional reforms in Dhaka (and Bangladesh) have revealed a correlation between the major flood events and significant changes in policies and institutional arrangements. Figure 2 gives a timeline of the flood events, policy revisions and institutional reforms over the past 60 years. The relationships between the major flood events and significant policy or institutional changes are explained in Table 1 . It includes only those events that have caused the occurrence of an ATP for FRM. The codrivers in Table 1 are the factors that influenced the occurrence of the ATPs, along with the major flood(s). Implementation of the proposed projects caused adverse impacts on the environment (e.g., fisheries and forestry) and domestic and industrial water supply. Flood protection measures (e.g., embankments and polders) inhibited the natural water and sediment flows, being required to support agriculture, which was unsuited to accommodate the city's growth and did not consider flood protection strategies. When the DMAIUDP was prepared, the existing master plan had already become redundant. However, despite being a welldefined strategic plan, the DMAIUD was not implemented due to a lack of formal institutional support.
flood and policy response
Two-thirds of Bangladesh was submerged from August to September in the flood of 1988. About 50 million people were affected and 1,600 died. More than 50% of greater Dhaka (DAP in Figure 1 ) was inundated, which affected 1.9 million people (JICA ) and caused US$6-12 million 1998 flood and policy response
The major flood of 1998 inundated 52 districts, affecting 30 million people and causing US$3 billion worth of economic Yet, it is to be expected that the sudden/extreme events as drivers for ATPs are not limited to developing countries.
In the Netherlands, for example, the near-flood events in the Rhine and Meuse in 1993 and 1995 led to a shift in policy/strategy from dike reinforcement to river relief.
The following lessons have been learned from the case study about the modified ATP method:
• As has already been stated, the distinction between responses conceived as a 'significant revision' and as an 'incremental adjustment' can be fuzzy and subjective.
This was particularly significant for the policies on a strategic level (e.g., the Krug Report, NWMP), because the adaptation actions have not always been clearly specified in the reviewed policy documents.
• It can be difficult to assign an ATP to a particular extreme event. The application for Dhaka has shown that ATPs are, in some cases, caused by a couple of events. It is also of note that strategies/policies generally change gradually, as it takes time to implement policy changes. This implies that in some cases policy change might already be underway when an extreme event occurs. This was the case for the mega floods of 1987 and 1988, which both occurred while the NWP national level plan was being prepared.
Given the importance of co-drivers, a recommendation for future research is to adopt a more integrated perspective by considering different sectors in conjunction. In this regard, it could be beneficial to construct time lines of ATPs for a range of sectors (e.g., flooding, food security and ecology) and to identify and explain the linkages across different sectors. For example, it has been found in Dhaka that actions taken to postpone the ATP for flooding have adversely affected the ecological conditions of major rivers in and around Dhaka. This consideration of crossscale effects could contribute to an improved understanding of the role of co-drivers in reaching ATPs.
CONCLUSIONS
Through the application of the ATP method, extreme/ sudden events and associated policy changes were analysed in a retrospective manner. This application differed from other methods such as adaptation pathways, which mostly rely on future scenarios in defining adaptation strategies (i.e., taking a forward-looking approach). The review of past floods in Dhaka, and the policy implications, has revealed that the continuation of FRM policies has been compromised under the influence of major floods. This finding could be explained by the fact that the recurrent floods have delayed the implementation of effective FRM, which, as a result, has achieved only partial reduction of flood damages and risks.
Moreover, the ATP method has shown benefit in demonstrating that significant policy or institutional changes have resulted not only from extreme events, but also from a set of co-drivers. Potential co-drivers included socioeconomic constraints (paucity of funds and non-/untimely implementation), cross-scale effects, foreign intervention and knowledge, and future change. This research outcome has important implications for FRM. While it is practically impossible to avoid major floods, there is significant room for improving the ability of policies to deal with co-drivers.
As an example, it is possible to define corrective actions that should be triggered in the case of non-implementation or untimely implementation of existing plans. In this sense, the lesson learned from a retrospective analysis can be used to inform future policies by expanding the range of co-drivers being considered by policy-makers.
